Two extremely halophilic archaea, strains D90
Halophilic archaea, one of the largest groups within the domain Archaea, are found ubiquitously in worldwide hypersaline environments, such as salt lakes, soda lakes, solar salterns and salt mines, etc. [1, 2] . At the time of writing, the class Halobacteria, undergoing a rapid expansion era, contains over 177 species with validly published names which have been placed into 48 genera [3, 4] . The proposal recently inferred from the phylogenomic analyses and molecular signatures divided the original order Halobacteriales into three orders (Halobacteriales ord., Haloferacales ord. nov. and Natrialbales ord. nov.) within the class Halobacteria [5] .
The subterranean salt mines were precious gifts of nature with constantly and relatively low temperature to render the stability of microbes living in them. Factually, the underground salt mines are big pools of genes, genetics and species. Although some new taxa and plasmids were isolated from those environments [2, [6] [7] [8] [9] , they lack intensive studies as yet. During the investigation of the species diversity of the subterranean salt mines using a culture-dependent procedure, numerous pinkish colonies occurred on nutrient agar plates. After 16S rRNA gene sequencing, strains D90 T and D93 were taken as representatives. Based on the analysis of 16S rRNA gene sequences, strains D90
T and D93 belonged to the species of the genus Halobaculum [10] , family Halorubraceae, order Haloferacales [11] . Detailed taxonomic identifications according to the minimal standard for the description of novel taxa in the order Halobacteriales [12] were carried out in this study.
The underground salt deposit samples used for haloarchaeal strain isolation were collected from the Xiangyan Salt Mine (23 24¢ 29. 97 † N 100 39¢ 56.28 † E) in Yunnan province, China in September 2013. Fifty grams of salt deposits were dissolved in sterilized 5 % (w/v) NaCl solution, and then the insoluble residues were removed by filtration. The filtrates were spread onto the solid complex medium (CM) agar plates, which contained the following ingredients (g l casamino acids (Difco) 7.50, yeast extract (Difco) (10) [12] . The medium was solidified with 2.0 % (w/v) agar, and the pH was adjusted to 7.5 with NaOH. The plates spread with salt mine filtrates were sealed with plastic films and cultivated in an incubator at 37 C for haloarchaeal strain isolation. Pigmented colonies (varied from dark red to pink) appeared on the plates after incubation for 3-4 weeks. Strains D90
T and D93 were isolated from the pink colonies for further identification.
Colonies of strains D90
T and D93 on the CM agar plates were pinkish, convex, wet and smooth-edged. Cell morphology and motility were observed using a light microscope (BX51; Olympus) and a scanning electron microscope (SU8010; Hitachi). Cells were pleomorphic (or short rodshaped) and non-motile (see Fig. S1 , available in the online Supplementary Material). The cell size of strain D90
T was 0.3-0.4Â0.5-0.6 µm, while strain D93 was 0.3-0.4Â0.6-0.8 µm (see Fig. S1 ). Cell morphology and size of strains D90
T and D93 were similar to Halobaculum magnesiiphilum MGY-184
T , but different from Halobaculum gomorrense JCM 9908 T .
Cell lysis was detected by fully resuspending cells in distilled water, and then checking the change of the cell morphology and optical density at the wavelength of 600 nm with a microscope and a spectrophotometer, respectively. Gram staining was performed according to the method described by Dussault [13] . Based on the original components of CM, the pH, NaCl concentration, Mg 2+ concentration (MgSO 4 . 7H 2 O was replaced by MgCl 2 . 6H 2 O for this test) and the temperature was adjusted for the following tests. The range of salinity for growth was set from 5 to 30 % (w/v) at intervals of 5 % (w/v). The pH range for growth was set from pH 5.0 to 9.0 at intervals of 0.5 units. The pH was adjusted by using the following buffers at 50 mM: MES (for pH 5.0-6.0), PIPES (for pH 6.5-7.0), HEPES (for pH 7.5-8.0), Tricine (for pH 8. The detection methods for catalase and oxidase activities and for the hydrolysis of starch, gelatin, casein and Tweens 20, 40, 60 and 80 were performed as described by Gonzalez et al. [14] . H 2 S formation was determined by hanging a strip of filter paper impregnated with lead acetate (10 %, w/v) above (1 cm) the inoculated liquid CM supplemented with sodium thiosulfate (1 %, w/v). Indole production from tryptophan was assessed as described by Oren et al. [12] . Anaerobic growth was tested with liquid CM supplemented with L-arginine, KNO 3 or DMSO (5 g l À1 ) in test tubes sealed with a mixture of Vaseline/liquid paraffin (1 : 1, w/w) [15] . Reduction of nitrate and nitrite was detected by using sulfanilic acid and a-naphthylamine reagent [16] . Both strains D90
T and D93 were catalase-positive and oxidase-negative, and did not hydrolyse starch, gelatin, casein and Tweens 40, 60 and 80. However, both strains could hydrolyse Tween 20. Indole production from tryptophan was negative, while H 2 S production from sodium thiosulfate was positive. No growth occurred in anaerobic conditions for both strains. Both strains could reduce nitrate to nitrite, but could not reduce nitrite, and no gases were produced.
To assess the utilization of sole carbon and energy sources, the minimal medium [containing (g l [12] . Acid formation from sugars was assessed by monitoring the changes of pH value in unbuffered liquid medium. After incubation for 2 weeks, the results were detected and described in the species description and Table 1 .
Antimicrobial compound sensitivity was determined using commercially available antibiotic discs (OXOID). The antibiotics tested (in individual discs) were as follows (µg per disc unless otherwise stated): ampicillin (10), bacitracin (0.04 IU), chloramphenicol (30), ciprofloxacin (5), erythromycin (15), kanamycin (10), neomycin (30), norfloxacin (10), novobiocin (30), penicillin G (10 IU), rifampicin (5), streptomycin (10), tetracycline (30) and vancomycin (30). Both strains were sensitive to novobiocin, bacitracin and rifampicin at the indicated dosages. Data from the species descriptions of Halobaculum gomorrense JCM 9908 T and Halobaculum magnesiiphilum showed that the antibiotic susceptibility of strains D90
T and D93 was similar to species of the genus Halobaculum [10, 17] . Polar lipids were extracted using the chloroform/methanol system and were analysed via one-dimensional thin-layer chromatography (1D-TLC) on Merck silica gel 60 F 254 aluminium-backed thin-layer plates [18] . The solvent system of the 1D-TLC was chloroform/methanol/acetic acid/water (85 : 22.5 : 10 : 4, by vol.). Glycolipids/phospholipids were detected by spraying with 0.5 % (w/v) a-naphthol in methanol/water (1 : 1, by vol.), after drying the plate was sprayed with sulfuric acid/ethanol (1 : 1, by vol.) followed by heating at 120 C for 10 min [19] . The glycolipids were blue-black spots and the phospholipids were yellow spots presented on the thin-layer plates after heating (Fig. S2) . Halorubrum saccharovorum CGMCC 1.2147 T and Halobaculum gomorrense JCM 9908 T were taken as reference strains. Strains D90 T and D93 both contained phosphatidylglycerol and phosphatidylglycerol phosphate methyl ester, and sulfated diglycosyl diether-1 as the main glycolipid. Four unclassified glycolipid spots were also present on the plate (see Fig. S2 ). The polar lipid profiles of both strains were similar to that of Halobaculum gomorrense JCM 9908 T .
Ten individual well-separated colonies for each strain were picked for sequencing. Each colony was fully suspended in 50 µl sterilized ddH 2 O, and then the cell debris was removed by centrifugation prior to PCR amplification. The pair of universal primers, 18F (5¢-ATTCCGGTTGATCCTGCC-3¢) and 1518R (5¢-AGGAGGTGATCCAGCCGC-3¢), were used to amplify the haloarchaeal 16S rRNA gene [20] . The PCR products were purified with a kit (Axygen AP-GX-50) and cloned into the T-vector (pMD-18T; TaKaRa). Sequence similarity analysis was performed using BLAST tools (www.ncbi.nlm.nih. gov/blast) and on the website of EzBiocloud (www.ezbiocloud.net). Strain D90 T possessed two 16S rRNA genes, rrnA (1461 nt, GenBank accession number KX376700) and rrnB (1461 nt, KX376701), while three 16S rRNA genes, rrnA Utilization of:
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65.9 67.6 67.0 70 (1468 nt, KX376702), rrnB (1461 nt, KX376703) and rrnC (1468 nt, KX376704), were detected for strain D93, respectively. The sequence similarity between rrnA and rrnB of strain D90 T (96 % identity) was less than those between rrnA of strain D90
T and that of Halobaculum magnesiiphilum MGY-184 T (98 % identity), or between rrnB and that of Halobaculum gomorrense JCM 9908 T (97 % identity) (Table S1 ). A similar phenomenon was also observed with strain D93 (Table S1 ). High levels (>5.0 %) of heterogeneity between multiple SSU gene copies found in a single cell have been determined for some organisms [21] . In haloarchaea, divergence levels of more than 5.0 % have been found in the genera Haloarcula, Halobaculum, Halosimplex and Natrinema. The variation of 16S rRNA gene for strains D90
T and D93 was 4 %, which was in the divergence range within individual prokaryotic genomes determined by Pei et al. [22] (4.2 %) or Sun et al. [23] (7.8 %) . This showed that the phenomenon is not an isolated event that affects only one species but rather is an evolutionarily stable characteristic [21] .
The rpoB¢ genes of strains D90 T (1830 nt) and D93 (1830 nt) were amplified using the pair of degenerate primers RpoBF (5¢-TGTGGGCTNGTGAAGAACTT-3¢) and RpoBR (5¢-GGGTCCATCAGCCCCATGTC-3¢) [24] . The sequence similarity of the rpoB¢ genes between strains D90 T (GenBank accession number KX530061) and D93 (KX530063) was almost 100 % (1829/1830), while that between strain D90 T and Halobaculum gomorrense JCM9908
T was 94 %. The ef-2 genes of strains D90
T and D93 were amplified using the pair of degenerate primers EF-2F (5¢-ATGGGYMGACGHAA-GAA-3¢) and EF-2R (5¢-GCBGGRCCRCGGTGGAT-3¢) [15] . The sequence similarity of the ef-2 genes between strains D90 T (1787 nt, GenBank accession number KX530060) and D93 (1769 nt, KX530062) was 99 %.
The 16S rRNA genes and rpoB¢ sequences of closely related species used for phylogenetic analysis were retrieved from NCBI (www.ncbi.nlm.nih.gov/nucleotide/). Multiple sequence alignments of 16S rRNA genes and rpoB¢ sequences were performed using the CLUSTAL W program integrated in the software package BioEdit [25] . Phylogenetic trees were reconstructed using the algorithms of maximum-likelihood, neighbour-joining and maximum-parsimony (bootstrapping, 1000 replicates) in the MEGA 5 software [26, 27] . The position of strains D90
T and D93 on the 16S rRNA gene phylogenetic tree was not affirmatory (Figs 1a and S3a), however, they formed an independent lineage on the rpoB¢ gene phylogenetic tree, forming a sister group with Halobaculum gomorrense JCM 9908 T (Figs 1b and S3b).
The DNA G+C content of both strains was determined using the thermal denaturation method [28] with a Beckman-Coulter DU800 spectrophotometer. DNA-DNA hybridizations were performed on a Perkin-Elmer Lambda 35 spectrophotometer equipped with a high-performance temperature controller (PTP-6 Peltier system; PerkinElmer) according to the thermal denaturation and renaturation method [29] . The DNA G+C contents of strains D90
T and D93 were determined to be 65.9 mol% and 67.6 mol%, respectively. DNA-DNA relatedness between strains D90 T and D93 was 90.1±0.5 %, while that between strain D90 T and Halobaculum gomorrense JCM 9908 T was 30.0±0.7 %.
On account of the requirement and tolerance of Mg 2+ , NaCl and pH value for growth and divergences of morphological properties, phenotypic characteristics (Table 1) and DNA-DNA relatedness, strains D90
T and D93 are considered to represent a novel species of the genus Halobaculum, for which the name Halobaculum roseum sp. nov. is proposed. The type strain is D90 T (=CGMCC 1.15501 T =JCM 31273 T ), which was isolated from underground salt deposits, Yunnan salt mine, China. The DNA G+C content of the type strain is 65.9 mol% (Tm method).
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